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Susceptibility of Acanthamoeba castellanii to Contact Lens
Disinfecting Solutions
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A corneal isolate of Acanthamoeba castellanii was exposed to commercial contact lens disinfecting solutions
containing hydrogen peroxide, benzalkonium chloride, polyaminopropyl biguanide, polyquaternium 1, and
chlorhexidine-thimerosal. The minimum trophozoite amebicidal concentration and exposure times required to
kill trophozoites and cysts were determined. Solutions containing hydrogen peroxide or chlorhexidine-thimer-
osal were active against both trophozoites and cysts. The benzalkonium chloride-based solution was effective
only against trophozoites. Solutions containing polyaminopropyl biguanide or polyquaternium 1 were com-
pletely ineffective. The need for adequate exposure times must be stressed.

Acanthamoebae are small, ubiquitous, free-living protozoa
which can exist in two forms: the motile trophozoite and the
double-walled cyst (20). In the encysted state they are pro-
tected from unfavorable environmental conditions and are re-
sistant to extremes of temperature (3, 9), dessication (10), and
several antimicrobial agents (16). Acanthamoeba keratitis is an
increasingly frequent and potentially blinding infection associ-
ated with contact lens wear (14, 15). The association between
this infective keratitis and the use of contact lenses is now
firmly established (4, 14). The predisposing conditions most
commonly associated with the development of Acanthamoeba
keratitis in contact lens wearers include a minor corneal
trauma, exposure to contaminated water (well water, hot-tub
water, and domestic tap water [6, 19]), and the use of home-
made saline (14, 15). Because the cyst form of Acanthamoeba
organisms is resistant to most antimicrobial agents at concen-
trations achievable in the cornea and tolerated by the ocular
surface, treatment is exceedingly difficult. Prolonged medical
therapy with antifungal agents or propamidine isethionate may
yield a cure (1) or control the disease sufficiently to allow
corneal transplantation a chance of success (5). Given the
frequent failures of medical and surgical treatment, disinfect-
ing solutions effective at killing Acanthamoeba organisms are
important in preventing corneal infection. This study was un-
dertaken to try to gain insight into how commercial contact
lens disinfecting solutions affect trophozoites and cysts of a
clinical isolate of Acanthamoeba castellanii.
A strain of A. castellanii originally isolated from the corneal

ulcer of a soft contact lens wearer was obtained from the
Institute of Microbiology of the University of Ancona, Ancona,
Italy. Stocks of Acanthamoeba cysts maintained at 2708C were
slowly thawed and plated on nonnutrient agar seeded with a
lawn of Escherichia coli (ATCC 35218) (NNA-E. coli) for 1 day
to obtain motile trophozoites. Axenically cultured organisms
were prepared by transfer of the trophozoites to PYG medium
(7) containing penicillin G (100 U/ml) and streptomycin sulfate
(100 mg/ml) and then subcultured to antibiotic-free PYG me-
dium; organisms were grown in tissue culture flasks (25 cm2).

Suspensions of Acanthamoeba trophozoites were obtained
from 1- or 2-day subcultures at 378C. Suspensions of Acanth-
amoeba cysts were obtained from 4-day subcultures of tropho-
zoites starved in phosphate-buffered saline (PBS) at 278C; at
that time, fewer than 95% of the cells were encysted, as deter-
mined by trypan blue (0.2%) staining and phase-contrast mi-
croscope examination.
Six contact lens disinfecting solutions purchased at local

retail stores were tested. Their active ingredients were hydro-
gen peroxide (30,000 mg/ml) (two different brands), benzalko-
nium chloride (40 mg/ml), polyaminopropyl biguanide (PABP)
(0.5 mg/ml), polyquaternium 1 (11 mg/ml), and chlorhexidine
(150 mg/ml)-thimerosal (50 mg/ml). The disinfection times rec-
ommended by the manufacturers were 30 min, 6 h, overnight,
4 h, 4 h, and 6 h, respectively.
Logarithmic-phase cultures of trophic amebas were washed

twice in PBS and resuspended at a concentration of 33 105/ml
in PYG; the suspension was distributed in 96-well plates (100
ml per well). Serial dilutions of each disinfecting solution (un-
diluted, 1:5, 1:50, and 1:500) in PYG were performed, and 100
ml of each dilution was added to the wells containing tropho-
zoites, giving final dilutions of 1:2, 1:10, 1:100, and 1:1,000,
respectively. Control wells received 100 ml of PYG in place of
disinfecting solution. The plates were sealed with clear adhe-
sive film and incubated at 378C. After 24 h, the wells were
inspected with a phase-contrast microscope. By comparison of
the appearance of the trophozoites in the test wells to those in
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TABLE 1. MTACs of six disinfecting solutions required to kill
A. castellanii trophozoites in vitro in 24 h

Solution
(concn [mg/ml])

Resulta at the following dilution:

1/2 1/10 1/100 1/1,000

Hydrogen peroxide1
b (30,000) K K C T

Hydrogen peroxide2
b (30,000) K K C T

Benzalkonium chloride (40) K T T T
PABP (0.5) C T T T
Polyquaternium 1 (11) C T T T
Chlorhexidine (150)-thimerosal (50) K C C T
PYG medium T T T T

a K, killed protozoans; C, live cysts; T, live trophozoites.
b Two different brands of hydrogen peroxide solution were used.
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the controls, the degree of ameba growth, inhibition, or de-
struction was recorded. The minimum trophozoite amebicidal
concentration (MTAC) was defined as the lowest concentra-
tion, expressed as a dilution of the commercial solutions, that
resulted in the complete lysis or degeneration of trophozoites.
The exposure time required to kill trophozoites and cysts

was determined as follows. Logarithmic-phase cultures of tro-
phozoites and mature cysts were washed twice in PBS, resus-
pended at a concentration of 3 3 105/ml in PYG, and distrib-
uted in different 96-well plates (100 ml per well). Serial
dilutions of each disinfecting solution (undiluted, 1:5, and
1:50) in PYG were performed, and 100 ml of each dilution was
added to each well, giving final dilutions of 1:2, 1:10, and 1:100,
respectively. Control wells received 100 ml of PYG in place of
disinfecting solution. The plates were incubated at 378C. At
different times (3 min, 15 min, 30 min, 3 h, 6 h, and 9 h), the
protozoa were removed from the wells, washed in PBS, and
resuspended in 1 ml of PYG, and 0.2 ml of suspension was
plated on NNA-E. coli plates. Plates were incubated at 278C
for 24 h and then examined with a light microscope at 3100 to
detect viable trophozoites. All assays were performed in trip-
licate.
The MTACs and exposure times required to kill A. castel-

lanii trophozoites and cysts are summarized in Tables 1
through 3. Data from one representative assay are shown, as
results were consistent on repeated testing. Our data show that
the susceptibility of A. castellanii to contact lens disinfecting
solutions was variable depending on the stage of the organism,
type and dilution of disinfecting solution, and length of expo-
sure time. Overall, products containing hydrogen peroxide

were the most active, showing the best MTAC against and the
fastest inactivation of both trophozoites (3 min) and cysts (9 h).
As shown in Table 2, different products containing hydrogen
peroxide at the same concentration may have slightly different
amebicidal effects, depending on the presence of different sta-
bilizing ingredients. Ludwig et al. (12) reported that when
hydrogen peroxide was used according to the manufacturers’
recommendations (30 min of contact time), it was not effective
against A. castellanii trophozoites and cysts.
The solution based on a chlorhexidine-thimerosal formula-

tion showed a good amebicidal activity, with effective exposure
times against both trophozoites (3 h) and cysts (9 h). Commer-
cial solutions containing chlorhexidine were previously shown
to be very effective against A. castellanii (8, 12, 17, 18).
The solution containing benzalkonium chloride was very

effective against A. castellanii trophozoites at short exposure
times (30 min); nevertheless, it was not so effective against
cysts (complete cyst inactivation required 24 h). Hugo et al. (8)
obtained similar results; conversely, Silvany et al. (17) found
that solutions containing benzalkonium chloride (40 mg/ml)
were very effective, killing all A. castellanii trophozoites and
cysts after 1 h of exposure.
Solutions containing polyquaternium 1 and PABP were not

effective against A. castellanii trophozoites and cysts. Other
authors (17, 18) found similar data for polyquaternium 1. Dis-
crepancies about PABP effectiveness have been reported in the
literature. At the concentrations (0.5 to 15 mg/ml) used in
commercial contact lens solutions, PABP has been found to be
almost ineffective against A. castellanii cysts (8, 17, 18). Con-
versely, Larkin et al. (11) reported that the minimum cystocidal

TABLE 2. Exposure times required by six commercial disinfecting
solutions to kill A. castellanii trophozoites in vitro

Solution (concn [mg/ml])
and dilution

% Live trophozoites at the
following exposure time:

3 min 15 min 30 min 3 h 6 h 9 h

Hydrogen peroxide1
a (30,000)

1/2 0 0 0 0 0 0
1/10 75 55 0 0 0 0
1/100 100 80 70 90 95 100

Hydrogen peroxide2
a (30,000)

1/2 0 0 0 0 0 0
1/10 0 0 0 0 0 0
1/100 100 80 75 90 95 100

Benzalkonium chloride (40)
1/2 90 10 0 0 0 0
1/10 100 100 100 100 100 100
1/100 100 100 100 100 100 100

PABP (0.5)
1/2 100 100 100 100 100 100
1/10 100 100 100 100 100 100
1/100 100 100 100 100 100 100

Polyquaternium 1 (11)
1/2 100 100 100 100 100 100
1/10 100 100 100 100 100 100
1/100 100 100 100 100 100 100

Chlorhexidine (150)-
thimerosal (50)

1/2 70 55 5 0 0 0
1/10 100 90 30 0 0 0
1/100 100 100 100 100 100 100

PYG medium
1/2 100 100 100 100 100 100
1/10 100 100 100 100 100 100
1/100 100 100 100 100 100 100

a Two brands of hydrogen peroxide were used.

TABLE 3. Exposure times required by six commercial disinfecting
solutions to kill A. castellanii cysts in vitro

Solution (concn [mg/ml])
and dilution

% Live trophozoites at the
following exposure time:

3 min 15 min 30 min 3 h 6 h 9 h

Hydrogen peroxide1
a (30,000)

1/2 100 100 50 25 10 0
1/10 100 100 50 50 25 25
1/100 100 100 100 50 50 50

Hydrogen peroxide2
a (30,000)

1/2 75 50 50 50 10 0
1/10 100 100 50 50 25 25
1/100 100 100 100 50 50 50

Benzalkonium chloride (40)
1/2 75 50 25 25 10 10
1/10 100 100 100 50 50 50
1/100 100 100 100 100 100 100

PABP (0.5)
1/2 100 100 100 50 50 50
1/10 100 100 100 100 100 100
1/100 100 100 100 100 100 100

Polyquaternium 1 (11)
1/2 100 100 100 100 100 100
1/10 100 100 100 100 100 100
1/100 100 100 100 100 100 100

Chlorhexidine (150)-
thimerosal (50)

1/2 75 50 50 25 10 0
1/10 100 100 50 50 10 0
1/100 100 100 50 50 25 25

PYG medium
1/2 100 100 100 100 100 100
1/10 100 100 100 100 100 100
1/100 100 100 100 100 100 100

a Two brands of hydrogen peroxide were used.
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concentration for clinical Acanthamoeba isolates is 1 to 4 mg/ml
of PABP with exposure for 48 h. Burger et al. (2) observed that
PABP concentrations ranging from 45 to 90 mg/ml are neces-
sary to kill 99.9% of Acanthamoeba cysts in less than 1 h of
exposure. These variations in susceptibility may in part be due
to on inherent strain differences (12, 13); moreover, the pro-
tective effect of PYG medium against PABP (2) may represent
another possible explanation.
It is apparent that not all commercial contact lens disinfect-

ing solutions are alike when it comes to killing A. castellanii. A
lack of standard methods for testing disinfecting solutions may
represent one of the most critical problems when sensitivity
assays are set up (13). Owing to their protected state, cysts are
more resistant to killing; thus, the importance of testing disin-
fecting products against cysts is evident. Solutions that after
dilution are still active against trophozoites and cysts are well
suited for antiamebic disinfection; however, the need for ade-
quate exposure times must be stressed.
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